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ABSTRACT

The transmission of high resolution raster images over low-bandwidth
communication lines requires a great amount of time. User interaction in
such a transmission environment can be frustrating. The problem can be eased
somewhat by transmitting a series of Tow resolution approximations, which
converge to the final fimage. Several methods of computing such a series of
images are presented. Each is related to a particular type of pyramid data
structure. They rely on the ability of the local display device to overpaint
an existing image, and generally require some transmission and computation
overhead. However, one of the methods requires no transmission overhead and
only a small amount of local computation. A notation is introduced that
permits concise descriptions of the image refinement processes.

The research described in this report was supported partially by DARPA Grant
#N00014-78-C-0164.
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INTRODUCTION

Raster graphics display devices are capable of reproducing very
complex images. Unfortunately, they are often connected to tne source
of thos2 imajes, a large mainframe coaputer, by low—Dbandwidtn data
links. This @makes it difficult to interact 2ffactively with tiae
display when it is b2ing used to display the imayes fLor waolch 1t was
made (doften full-color, typically 512%512 pictur2 elam2nts (pixels)).
Iransaitting such an image over a 1200 baud 1lin2 <can take halt an
hoar, or 1loapger. If it 1s being displaved on a line-by-line basis,
then it may be 15 or 20 minutes before the user his any notiou of what

the fipal picture will be like.

This problem <can bz alleviated somewpat Dby sendinyg, and
displaying, a series of 1images which <converge to the rinal, full
resolution picture. Successive 1images are refineaents of earlier
images, and approximations to the original iuwaga. The priamarcy
advantage of such a scheme 1s that global structure 10 the image
bezomes apparent very early 1an the dispiay process, allowiny the user
t> beqgin to examine the picture, and evea interrupt the display wuen
satisfie2l with the approximation. The disadvantages lie in {possibiy)

increased storage or coaputation costse.

In this paper, we present several methods of computing such a
series of coanvergingy images. All of these azetnods are based upon
gvramid data structures ([Taaimoto and Pavlidis, 1975]7. TLe
differenzes between the methods are related to tne choices mage 1L the

design 2f pyraaid data structures.
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PYRAMID DATA STRUCTUEKES

A pyrasid data structure consists of severail levels, aumbered

0-1, where 2ach level is a 2-dimensional raster 1mage. Leveli L 1is the
most detailed (finest resolution) image; the otiuers are derived fron
it, aad are approximatious to it. {(Fig. 1) Th2 wvaluz of a pixel 1n
ilevel k is a function of the values of the pixels 1n an dx¥ window 1in
level «x+1s Thus, the relevant paraseters of a pyraaid data structure
are:

a) X,Y : the dimeumsions of Level L,

b}y M,¥ : the dimensions of the reduction window,

the reduction rule.

Q
£
e

Usially, the reduction window and the original isage are sguare
{4=4, L=Y=(%4**L)), but these conventious zan be relaxed, at soue cIst
in computational complexity. The reduction rule can ue anvy reasonaosle
function of the pixels in the wiadow {2.g9., Min, dax, “eau, Yedian,
Mode, Sum, Selection, or their exteuasioas for handliuy coiored

pixels).

In subsequent sections we shali iatroduce r[Orwulas wnlCi L[E€Ier O
pixels 1in pyramids, and in order to simplify tazse references we
denote by (k,1i,7j) the pixel in level k at tne ith ro4, Jjtn <coluna.
The set of all pyraaid pixels is P={(k,1,30 1 O<k<L, 0<i<i*=*k,

0<j<u*xky,
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NCTATION FOR RASTER OPTERATICHS
%¢ aow oresent’notation tha®t cap coanvenien*ly be used to represent
nanv of the processes discussed irc this paper. In particular, the
ndtatisn will vperait us to concisely describe the progressive
sequences of images that our methods produce., W2 begin by introducing
several "iconic operators.’ Ihese manipulate image data by acting on
qrey=-valued {or colored), arbitrarily-shaped rogions of the picture,.
Yore precisely, each iconic operator is either a bipary operator
{tiking +two overands) oOr a unary orperator (taking one operand), and
takes operands which are "colored subsets of ER." RE (the ‘'raster
region®y is an £ bhv Y arrav. Thaus,

kR = ((0:9);(011) peee s J,1-1),

{3{?):(1:1} !"‘I(1l'{-1)l

(X=1,0), {41, seaurs (X=1,Y=1)1

t”*
™
s

C = {Co ,C-"’, + s e ,Cnc"l}

te a set of zolors {(2.q., <compinations of red, green, and Ltlue,
realizatle on a par+ticular raster display device), Je assuae that Ltwo
special colors, black aunl white, are in C. Then if SciR and £:5->C,

we sav  (S,7) is a colored subhset of EW. An altsrpative naze Ior tae

corcent of a colorei subset of 22 is "partial picture’ sicce a colored
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subset of RE is in actuaality completely described Ly the partial
function f from KRR to C. However, the exolicit neptionm of the domain

S of f sipplifies our subsejuent discussion of iconic operators.

For completeness of our basic terminology, we let F be the set of

all coloring functions f and let Fs be the restriction of F to (S}.

The «repaipting operator, i, LS a binary iconic operator vhose action

is descritbted as follows:

where

. :\?3 : S3+C such that

fa(x,y) = "fz(x,y) if (x,y) es,
£ (x,y)" if (x,y) €8,

but (x,y) ¢ Sl

. (undefined otherwise)

T> "repaint® using two colored subsets of RE, we @maxe the resulting

subset be the union of the %wo qiveg, and defin2 a coloring function
for it as follows: the pixels common to the two origiral subsets gez:
'thé color from the second subset. A1l other pixels of the new subset
get tkhe color originally assigned to them, It is easy to zsee that 7

is associative but not comuuta*ive., Thus we write

Thus the colored subsets of RX are the elements (S,f) of 2RP3(F,such that dom(f) = S

ety s )
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n -
% (S:5f,) = (S.,£) % (S.,f.) % s
g T TR R 55 Bk )
with ths understanding that'the order'of the terms is fixed. Another

binary iconic operator makes use of distinguished colors, black ané

white, and an assumed colnr complemeut permutation We :C->C satisfyiny

nc(wc(c)) = ¢

and
“c (black) = white.

The left complement operator /C is defined as follows:

(Sl,fl) ¢ (Sz,fz) = (83’f3)

waere

fl(x,y) if (x,y) €S, but (x,y) # 8,

fz(x,y) if (x,y)ésl but (x,y) e:S2

f.(x,y) if (x,y) ¢ Sl and (x,y)e¢ S2
and fz(x,y) = black

ﬂc(fl(x,y)) if (x,y) eSl and (x,y) 582

and fz(x,y) = white

(undefined otherwise)
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In the left compleaent operation a pixeli in S3

its oriqginal color if either the pixei ioes not belong to S, or the

comiung fronm 5, Kkeeps

pixel balongs to S, 2ad is colored biack. I£ the pixel (from §
belongs to S, and is colored white (by £;) the pixel is given the
c&mplementarv color in (Si’faj‘ A point in Sz but uwot 1n 5, xeeps its
¢olor in 33. The operator is defined so as to perait (S,,f,) to act

as a "switch picture" to selectively coapleament zolors of pizels £roa

(S, .£,).

Wh2n 31l its results ar2 defined, tne left complement operator
like the repainting operator is not coamutativ2 but is associative.

Thus we writa

W g

with unambigjuous interpretation.

#e will use another operator, tne "plowup" op=ratsr as an
interiace batween pyramid and raster representaticns. Tals operator
i3 aot strictly iconic since only its result (ratner than both 1its
operand i1and result) is a colored subset of RF. The blowup operator is

defined as foilows:

B: PXC-PZRRXF

B((k,1,j),c) = (8,f) where
s = { (%,y) | i%M¥*%k<x<(i+1)#M%%k, and
JEN#ER<y < (J+1)*N%%Kk ]

and £(x,y) = ¢ (uniformly).
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Tha blowup operator traaslates a pyramid pizxel and its <color into a
corresponding region 1in the detailea raster rejion, colored with tone

sale color.

Both the repainting opevrator and the left complewent operator
take two arquments and are thus binarv. Althouga we shall not need it

here, one may define a unary complement operator:

851,50 = (5,,5,)
where

5,58

fz(x,y) = ﬁc(fl(x,y))
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NAIVE HETHCD

Assuming that a pyramid data structure has p2en built, there is a
straight-forward display tecanique which depenis only on tae abiliry
of the local processor to paint rectangular regions on the screeu {or
in a frame buffer). The pyramid is siaply transmitted "top-down'.
BEach level is sent in the wusuai raster scan order, and used to
overpaint the existing 1mage. First, level ¢ {(1x1) is paiuted as a
single block, covering the entire screen. Then lavel 1 (lxN) 1is serct
and displaved, again filiing the entire screeun. 3uccessive ievels,
rejyuiring ever increasing amouats of time to tranmsmit arzd display,

secve to continually refine the details of th2 image on tae screen

{see Figures 2 and 3).

This mathod can be used to display any pyramid data structure,
regqardless of the choice of reduction window siz2 ani reduction rule.
However, since each level i35 seat in its entirety, all of the erffort
devoted to sending levels 0-(L-1) is "wasted" wuen level L coapletely
overwrites it. When the reduction window is 2x2, this aeans a 33.3%
increas2 in transmission tiae for tue full resolution picture. 4 iso,
there mast be a small amount of Llocal (o the display) computationa and
state, which interprets the sequence of pixel values and Keeps track
of such things as ths current level, *the position within the «current
raster scan, and the size of the rectangles to be paintzd. A small
amount of preliminary iaforaation may need to be traaswmitted 1a order
to initialize this local <ompdatation. Tuls transmission overbead iz

naqligible, however.
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Th2 progression of imajes produced by the npaive receiver is

dascribed by:

L

(RR,f) = % % B((k,i,j),C . .)

T %o 0<i<2k 00,109
0<j<2k

where
%1,

i3 tae color (value) of the pixel (%,1i,1).

The ocrder of terms for the second repainting opsrator does not

affect *the fimal result 1in this case. However, the progression of

m

LOCKs O a

©

izages i3 affected in that the oraer oif repaintisg cwa2 I
siagle levzl depends on toae way this operator's 1undices are
interprated. We can siaplify tiuls expression L we assume cthat £ Wwilil

be the slow2st index to ianCrease:

(R,£) = %  B((k,1,),C,
O<k<L
o<i<2k
0<j<2k

)

»1,3



NAIVE SZNDER

begin "send iuzage"
for level := 0 step 1 until L
do begjin "send level® /
for y 1= 0 step 1 until (d**level)-1
do begin "“send scan line®
for x := 0 step 1 until (¥**level)-1
do Send (Pyramidf level,x, v 1)
end "send scan liae"
end “sz2pd level®
end "send image"

NAIVE RECEIVI

t
[
£
=)

begin "receive image"®

for level := 0 step 1 until L
do begin "receive lavel®
for v := 0 step 1 until (**level) -1
do begin "reczive scan liae®
for x := 0 step 1 until (d**level)-1
do begin "receive pixel"
Receive {pixel);

x1 := X * ScreenilaxX / (M¥*level);
x2 = (x+1) * ScreenMaxi / (M**level)-1
¥y1 := i'4 * Screendax? / (U#sxlavel);
92 := (y+1) * ScreeailaxY / (N*#¥level)-1;

SetColor {pixel);
PaintRectangle (x1,v1,x2,v2);
end ‘“receive pixel®
end M"receive scan line®
end "receive level"
end M"receive image

page 11



BL2LICIT RIPAINTLING

The previous method used a fixe& orier of pixel transmissicn, ahd
used knowla2dge about this order to avoid sendiug auy positioniug
information. In this method, we take the wviaw that he spatiail
coherence of the image is such that there are large, hOmOJeueoQuUs areas
which, once painted correctly in a low resolution iamage, nsed a0t  bo

ovarpainted. This 1s often tke case in binary 1aages, aadl becoszes

less probable as the grey scale or color resolution is increased.

Thz transapitted information consists of a sajuyence OL  guadraples
(k,1,j,v), where:

X = Level number,

1,1 = Coordimates of a pixel at taat Level,

v = The Color ({(or Value) of tunat pixel.

Once agiia, we trapmsmsit the pyramid Zrom the top dowu, <xcept
that w2 only sead a quadruple for a pixel 15 its Vajlue 1s dirierent
than the VYalue of 1ts FatiLer {ia the previous Level). The ulsgplavel
images 411l be the same as those proauced by the Yalve wetind, but the
display speed wiil depend strougly upon 'the "syramlid  complexity®

"Tanimoto, 1877 ] of tae iuage.

This methol is most lisz2ly to be userul waen taue range 0L plxel
values is small, and waen the pyramid 1s Jrown by a reduction ruic
suck as Mode (Value of Father = aost comaon Value of Sons). 1a these
cases, de are guaraanteed to have correctliy paint2d at least 1/(d*H) ol
the pixels at a given level, since at least oae SOL 1i 2VELV Ceductio.

window his the same value as tae Tatoer of that 41ndow.
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This method is unsuitable for the display of pyranids growa by
reduction rules {e.gd., Mean) which 3o not guirante2 exact matches
between Father and Son pixel values. In these cases, the overhead
involvel in specifying the level and coordinates of each pixel wiil

outweiqh the savings made by not sending every pixel.

A special case arises when the imajes are binary (3/1). Iu that
case w2 are guaranteed that at least 1/2 of the pixeis at a given
level are already correct. In addition, we can disp2nse wWith the
fourth element of every quadruple. %#e adopt th2 convention tnat the
screen is oriqinall? blank (sav, all 0's). We may refer to this "Zero
image” as level -1, Then, the Value of 2 given quadruple 1s uniguely
determined. Hence, it need ad>t be sent. Instead, th2 weaning 0f the

triple (k,1i,i) becomes "complement the block corresponding to position

{i, i) at level k" [Tanimoto, 1977 ].

Of course, if we do not restrict ourselvzs to pyramid data
structures, there 1s a iarge class of successive refinegent display
m2thods based on the use of samaailer and smaller r2ctanjular (or other
shapedg blocks. The tradeoifs are much the same as those addressed Ly
divide-and-coaquer hidden surface algorithms [¥arnock, 1909]. Note
that the (k,1,3) triple is smaller than ths (X1,Y¥1,X2,Y2) guadruple
needed to specify an arbitrarily placed rectangular block, but taat
arbitrary placemeat allows faster localization of 2iges walcn 40 aot
li2 on the pyramid's reduction window boundaries. Allowing arbitrary
placenent o0f Dblocks also raises the guestion of efficient wetnods of
Eetermininq an optimal painting sequencea Such considerations are

beyond the szope of this work.
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We describe the progression of images produc2d by the explicit

repaiating receiver as follows:

n
1
(RR,£) = §

Pk .1 .4
Y (( q,lq,jq),cq)

Here tae saquence of quadrunles sent by thz =2xplicit repainting sender

1s representad by:

(kl,il,jl,cl), (kg*iz’jZ’CZ)""’ (kn ,in 3 se_ ) .

In the aforaaentioned special case waere bDinary (black/white) images

ars concernad (and the value of a given quadruple need not Le seut,

since it is 1iaplicitly the opposite of 1its tathsr's value), we

describe taz explicit repaiating receiver's 3ictlons as

- n
' q

(RR,f) = B(0,0,0), black) ¢ | &
1

k ,i ,j ), white)
= B(( q’ q]q 3

Thus, successive refining in this case 1is eguivalent t0 sSuccessive

coaplementation of the color 0f subbliocksa.
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EAPLICIT REPAINTIHG SENJER

begin "send ianage™
send{0,0,0,Pyramidf[ 0,0,0 1}
for level := 1 step 1 until L
do oeqgin "send level®
for v := 0 step 1 until (N**level) -1
do begin “send scan line”
for x := 0 step 1 until (M*xlaval) -1
ioc begin "send pixel™
father := Pyramidf level-1,xz/4,7/847;
son := Pyramid[ level,x,vy 1;
if son NEQ father
then Send(level,x,y,sou)
end ‘"send pixel®
end ‘“"send scan lLine"
enl Ysend level®
end "send image"

SXPLICIT REPAINTING RECEIVER

beqin "receive image®
while TRUE
do begin "another pixel?
Raceive{level,x,y,pixel);

x1 3= X * Screendaxi / (U*xlevel);
X2 := (x+1) * Screendaxy{ / {ix*level)~-1;
vyl := Y ¥ ScreenfaxY / (u¥*level) ;

) .
v2 : {vy+1) * ScreenMaxy¥Y / (N*¥*level)-1;
SatColor(pixel) ;
PaintRectangle (x1,v1,x2,v2)
end Manother pixeln
end ‘Mreceive imagen
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CHMIT RIDUNDANKT PIXZILS {SU4)

Tha Yaive awethod pade use 0I a specific ordariuy of the pixeis in
the pyramid, and the Zxplicit Repainting aethod used knowledge (ou the
Sender's part) about previousiv sent pixels in order to avoid seuding
*redundant" information. Ia this metuod, w#e r2ly upon kuowledge on

the kecsziver's part about the values of previously sont pixers aad the

reduction rule used in Jgroving the pyramid.

Assume Wwe are working with scalar pixel values {(color 1is rcapdied
by assiuwming we have three scalar-valued 1lmayges). 3uppose that tae
reduction rule was Sum (Value oif Fatuer = 3Sum vi Valiues O 50LS)a W
first ao>te that each level of tae pyrasid reguires a diiZferent numeer
of bits to represent each pixel. wnen the reduction Windos 18 2%x2,
level K-1 roquires 2 more bits per pixel taaa level k. dext, we sce
that L1f #4e know the values of the PathLer and ali but oue 27 tpe So0as,
then we can derive the value of the last Son. TFor ex@aupis, witi a 2x2

reduction window,

Son{ 1,11 = Fatasr - (Soaf0,0 )+30ui3d,11+30r{1,0)

Now, 1f the wvalues of Dpreviocusi Sent pixeis Are readisey
available to tae Receiver (li.e., tae curreut imige 1s stored in Local
memory which can be read by tae Recelving proacess), thes we  Cau
transmit the 1image as in the Jaive wethod, except that we Owit tie
last pix2l in each reduction A41iudove. The Receiving process gust
avpropriately scale all values for display purnoses, and Coapute tae

vaiues of thz *"aissing" pixels.
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Note that the Receiver may take advantage of the 1ucreased
gqrey-scale resolution 1n the lower spatial ra2soiution levsls., For
exanple, an image which is oinary at level L can be displayed as a
grey=-scile 1mage at earlier levels. This can be done either by using
a grey-scale display device or by using half-toning techuiques to
shade the rectangular blocks on a binary display. This use of extra
grey=-sciale resolution may signifizantly improve the ear ly

approxiaations to the final image.

Since we omit onz pixel in each roduction window, the total
nunsber of pixels transaitted is X*Y, the number of pixels in level L.
However, since pixels at different levels r23uirz nore bits to
specify, th2re 1is some transmission overhead invoived. The absolute
averhead 1s independent of the nuaber of bits per pixel in level L.
For a 2x2 reduction window and 12 bits of information for eacn (level

L) pixel, thz transmission overhead is 3.3%.

The progression of images produced by this receiver is ldentical

to that produced by the naive receiver.




CAIT FEDITY2INI PIXELS (SUM) SEupZe

hbeqgin "sead image®

for level
do pegin
far v

:= 3 s5tep 1 until L
Usendl levol®

1= £ step 1 antil (v*xlevel) -1
3

do beyin "send scan line®
for ¥ := 3 step 1 until (Ax*level) -
1o begin "sepnd pixel™

end
ead M"send

i1f ((v ¥0D H) ¥EO ¥-1)
OR ({x 4CD ) NTQ #-1)
3k {level = ()
then Send(Pyraaidl level,»,v D
enl "send oixel"
2nd M"send scan line®
"send level"

image!
OMIT REDUNDANT PZXELS (S7¢y ZECEIVYER

teair "receive image®

for level
49 hegin
for v
do

ol
end

:= € stzp 1 until L
"receive level?
:= 0 evep 1 ountil (N¥*lsvel) -

hegin "recsive scan line®
for x 3=

d

step | until (M**level)~1
do begin "receive onixel”
if ((v MCD Ny NFC ¥-1)
OF  {((X #0D M) NICQ 4-N
C {leval = )
hen @CGLVG(D‘KPl)
lse pixel := Fa=her(x,v)

- SuaPreviousSons(x,v):

SaveValue {lavel,x,v,cixel) ;
SetColor(pitel/((U*€N) *x]lavel));

1 = X ¥ FcrcaadaxX / (Axxlevel)
x2 := (x+1) % 3¢creen¥axi / ("x*lovel)
vt o= 4 ®# ScreenvaxY / (N*¥*lasvel)
v?2 = {vy+1y * 3creeatax¥ / (N¥xlzvel)

ot

Tectanyle(x1,v1,x2,v2)
end "receive plxel”

-
Fale SN ENNY

end "recelve scan line”

Nerecoeive lovel

end freceive Lmage"

Page 18
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OMIT REDUNDANT PIXELS (SELETIIUN)

I'he previous method can be generalized to dz2al with any reduction
rule which allows the derivation of tne Yalue ©of a single Son pixel,
given the Values of the Father and the remaining 5085. In particular,
if the reduction rule 13 Selection (Value of Farther = Value of
Sonl x',vy'1), then not only can we avoid sending Son{x?',y'], but we do
not even have to derive 1its valuye! When the othar Sous are
transmitted and painted om the screen, Son[x',vy'] is already correctly
painted on the screen. The area correspoanding to Son{ «',y!' ] was
painted when the Father was painted, and dozs not nesd to be
repainta4. The impor*tant point 1s that botu the Sender and the
Keceiver can know this. As above, w2 @must transalit X%¥Y{ pixels.
Hovever, due to our choice of reduction rule, all pixsls require the
saaze number of bits. This means that taere 1is aosoliutely =no
trassmission overhead, compared with a row-by-row painting oi level L.
The advantages of early presentation to the user of a complete, albelt
low resolution, imaje are J2btaipned at the price of a smali amourt of
computational overhead. Also, it 1s not necessary to store the iaage
in fast m=2mory accassible to the Receilver, siace no operatioas otner

than display are required.

The values traansmitted correspond exactlvy to taue values or the
pixels at level L. The order in w#hich they are sent is tnoc oualy
difference between this metunod anda the traditionil row-Ly~row raster
SZ3Lia Just as the Receiver must understand the orderiug of the usual

taster scan, tne RZeceiver for this mnmethol wus understaikd, and

properly interpret, this ordering. If the tide to #rite a jarye
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OMIT REDUNDANT PIXELS (SILECTION) SENDER

begin "send imaqge
for level 2= 0 step 1 until L
ds begin "send level®
for v := 0 step 1 until ([N¥N#*=*level)-1
d> begin "send scan line"
for x := 0 step 1 until (H**level)-1
do begiun "send pixel™
if ((y M0D N) NEQ 0) OR ((x 40D §) NEQ 0)
dR (level = 0)
ther Send (Pyramidf level,x,v 1)
end ‘*“send pixel"
end ‘'send scan line"
end tsend lcvel®
end "send image

OUIT REDUHDANT PIXELS (SELECTION) ERECEIVER

btegia "receive image"
for level := O stzp 1 until L
do begin “receive level"
for vy := 0 step 1 until (N#*xlevel)-1
do> begin "receive scan line"
for x := 0 step 1 uatil {(M**ievel)-1
do begin "receive pixeli"
if ((y MOD ¥) NEQ 0) CR ((x MOD XN) HEQ 0))
IR (level = Q)
then beylin "overpalint with son®
Receive {(pixel)
SetColor (pixei);

x1 := X * Screenfax¥ / (M*xlevel);
X2 = (x+1) #* Screeniaxi{ / (d**level)~-1;
vl ;= V4 ¥ Screenfaxy¥ / (N%x%x]lavel);
y2 = (y+1) * ScreenMax¥Y / (d**level)-1;

Paintrectangle (x1,v1,x2,72)
end "overpaint with son"
end Mreceive pixel®
end MYreceive scau line"
end Mreceive lavel®
_ead T'receive image®
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INTERACTIVE DETAILIHG

All of the above aethods caun be wmodified to allow the observer to
direct the successive relinement process. Onc2 tne erntire iaaye has
been painted to some minimum resolution, the user amay iaterrupt toe

ined furtuer.

h

tcansmsission of the image and indicate an area to he ro
The refinement process is then liaited to taat area of tae ipadge.
This will ©preveat tas transaission ol information akbout areas of tne
image which are uninterestiang to the wuser, ani aliow =wmuch Zfaster

refinzm2nt of the important detalis.

The Explicit Repainting schezse 1s tae easiest one to agodify,
since tae position aul extent of each rectanguliar Li0CK 1S CoOwpietely
specified., Tihe other metuods rely upon a Zixed, knownh order of pizel
valies, and aust be extendad to deal Wwith latertuptious. Anter eaca
user-sp2sified windowing operation, a SsSamalill aaxount of Dbookxewping

information must b2 transmitted, to re-inltialize the Recelver.


http:operatl.on
http:resollltl.On

TRANSFORX METIODS

All of the mefhods discussed above yield a Yserliesh
representation of the inage, and have tae "prafix property". That is,
truncating tue series at any point gives an approximatiou to the
‘o:iqinal image. There are, of course, other repr2seantations with tais
»property. Two which have been used extensively 1ia 1image processing
are the Fourier and Hadamard transforms [Andrews, 1970]. The priaary
dirficulty with such methods is the amount of computation required to
tarn th2 representation into a visibie iaage. If this is tc ke done
only a2ace, after complete transmlssion 0f the (truncated) trassiors,
then this amight not be a serious objection. dowever, 1t 1s not

immediately clear how to extend these methods to interactive detailing

in the spatial domain.

The methods we have described have the additional property taat
they ars well matched to ta2 display capabilities of availacle raster
gcaphics equipment. For exaample, painting 1 ra2ctanjular opiock is
essentiilly £free on many display devices. Also, our aetnods can
easily be implemented requiring aeither aultiplication nor division
operatidnse. Since the display equipment proviies the transforn
inversion, tals means that rapid, repeated, iacremental conversion of

the series representation into a viewable iuwage is feasible.
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CONCLUSION

Tha2 wilespread use of high resolution raster graphics displavs
will require effective use of low bandwiith communication lines. &e
have presented several aethods of transaitting rcaster -imaqés wvaica
provide early recognition of qfoss features and which are weirl matched
to available display devices., Tiane use of these m2tholds is by no weans
restricted to display applications. They are suitable for aay
situation in which the Receiver <caa nake wuse of a3 low-resolution

image, especially when the rzquired resolution is not Xnown a priori.
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) 1
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m Z / level L

¥ %ij 3 level k
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Figure 1. Pyramid data structure with mxn reduction window. Each level

(e.g. level k) is an mKkx ok pixel array where O0<k<L.
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